Introduction
Pain interferes with cognition in humans. Acute pain can distract and interrupt task completion, and chronic pain patients experience trouble with attention, memory, and decision making [23] . Although rodent studies are inherently limited in their translational power to humans, rodents can perform complex behavioral tasks that probe facets of cognitive ability, using brain regions analogous to those utilized in humans [7] . These studies are crucial in pain research for uncovering the underlying cellular, molecular, and signaling systems that dictate the effects of pain upon brain function. However, rodent studies of cognition demand a deep and clear understanding and appreciation of the potentials and limitations of rodent behavior, how these relate to ''normal'' behaviors of the chosen species, and careful interpretation of results to human experience. This review will discuss how researchers investigate the effects of acute and chronic pain on cognitive processing in rodents. We define the term cognitive as processing required in higher cortical areas such as the prefrontal cortex (PFC) because modalities such as attention, learning, memory, decision making, and risk taking all rely heavily on this region [7] .
Pain interrupts attention-demanding tasks
In humans, pain can interrupt attention, and direction of attention away from a painful stimulus can decrease its intensity [34] . Ford et al. [10] validated the effects of distraction on acute nociception in rats by injecting their hind paws with 2.5% formalin and then introducing them to novel objects and places, or to unfamiliar conspecifics. Pain behaviors were decreased in the presence of novelty, but plasma corticosterone was not increased with any distractor, indicating that the decreased pain behavior was not due to stress-induced analgesia. Novelty exposure also reduced serotonin and dopamine metabolite levels in the medial PFC, suggesting a role for these neurotransmitters in distraction-induced analgesia.
Operant tasks, where rodents must press a lever or poke a nose into a window, can be used to measure sustained attention (maintained over several seconds). The 5-choice Serial Reaction Time Task (5-CSRTT) is useful for this and is sensitive to attention, impulsivity, and memory, depending on its configuration. To investigate sustained attention, rats are trained to monitor multiple windows over 5s, one of which lights up when a food reward can be earned [2] . Formalin-induced acute pain [4] , as well as chronic joint inflammation [28] , increased the number of missed trials in rats, but providing an analgesic before the task restored attention only in the acute pain model. This suggests that analgesia reduces the distracting effects of acute pain, whereas chronic pain may have interfered with the brain's processing capability at a more fundamental level-perhaps via gray matter reductions, which are documented in both human pain patients and chronically injured rodents [23, 32] . Drawbacks of using the 5-CSRTT include its intensive training regimen and the difficulty in separating food pellet satiety from reduced attention or vigilance.
In humans, the ability to show flexibility in making choices when reward values change can be measured using the Wisconsin Card Sorting Task [11] , where participants have to deduce which rules to use to sort decks of cards, as rules shift during the task. It requires ongoing attention and frontal lobe functionality, and in rodents, analogous attentional ability can be measured by set-shifting tasks. For example, rats can learn to associate an odor or a texture with a bowl in which to dig for a treat (a set), but when associations are shifted, animals have to recognize this shift and respond appropriately to find the treat. Leite-Almeida et al. [17, 18] trained nerve-injured rats on this task and showed that they are impaired at shifting associations. As in humans, set-shifting tasks require attention, working memory, and visual processing and thus do not exclusively measure a single cognitive modality. However, the translation of similar tasks from humans to rodents is useful in probing the neurobiological underpinnings of impaired cognition in humans.
Millecamps et al.
[22] used a non-operant, modified Novel Object Recognition Task (NORT) to investigate visual attention and visuospatial recognition. After 3 days of familiarization to an arena, chronically colitic rats spent no more time exploring a novel shape over familiar ones affixed to the walls, unlike healthy controls. Morphine administration restored exploration levels of the novel object in colitic rats, suggesting the pain state interrupted rats' ability to attend to the environment. This paradigm was recently validated in chronically nerve-injured rats [20] . Six months after a nerve injury, rats were also impaired upon this recognition task relative to controls, showing that disruption on recognition tasks can last for many months after injury. 
